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CIRCUIT FOR CONTROLLING THRESHOLD VOLTAGE OF SEMICONDUCTOR 
DEVICE 

Abstract: 

PURPOSE: A circuit for controlling a threshold voltage is provided to reduce a power consumption 
during a stand-by mode while maintaining a high operation speed of a semiconductor device. 

CONSTITUTION: The circuit for controlling a threshold voltage of a semiconductor device 
includes a substrate bias detection portion(ll) and a substrate bias control portion(12). The 
substrate bias detection portion detects a substrate bias to prevent the substrate bias from going 
lower than a predetermined value. The substrate bias control portion controls the substrate bias in 
response to an output of the substrate bias detector and a stand-by/operation mode control signal. 
When the substrate bias is controlled, the threshold voltage is controlled accordingly. The substrate 
bias detection portion has an oscillator generating a predetermined oscillation frequency, a pump 
pumping charges for pulling down the substrate bias and a current supplier supplying a current into 
the substrate for increasing the substrate bias. 

Brief description of Figures 

Figure 1 shows a threshold voltage control circuit according to a first embodiment of the cited 
reference 1. 

Figure 2 shows a circuit of a substrate bias control portion applied to. the first embodiment. 
Figure 3a and 3 b shows a voltage waveform of the subsfrate bias control portion. 
Figure shows a circuit of a substrate bias sensor portion. 

1 1 : substrate bias sensor portion 

12:substrate bias control portion 

21; oscillator 

22; first charge pump 

23; second charge pump 

24;clamping portion 

41;latch 

42;voltage divider 
MP 1 ; PMOS transistor 
MNl;NMOS transistor 
D1,D2,D3,D4; diode 
VBB; substrate bias 

SLEEP; standby/operation mode control signal 
SSBEN; substrate bias enable signal 
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Ell Ol SIS 



^ ^y^^M ^^*is| ^eiS^ >HI<H Sjsoil Btl 7i» H|-o|cHr^-g- a^lofoi ^^7j 7|& a^o|o^>i7^ f^ 

M\0\ Aj^cHl 71© b|-0|CH>l'g ^Ijoi^hfe 710- bl^OlC>^^ ^llcH-^^ ^fci|§ho:j y\B ti\o\o\^-B ^o\%^ 

Si^ &iif7f SICK 



a ^|CH Slssl 7Hy«i ^^£.xil2Hfe e "^gfil «J4|A|(M|o|| s|#£|fe 7|£^ «Fo|ol>t 3H|o)-^S| S|S£.fll3a£ 
^ mb^^ M\2^o\\ £Aj^ td^o|cH^^l ^flcH^al n^^^H.^HUS^ ^ ^-^Aioiloil 7|E^ 

tl^o|cH>l 21:^1^^ ^^i.* ^fi-^^cHI q|^^ ^?|11 : 7|Eh bfo|oi>t a^l^ 12 : 7|e ti\o\ 

0\:^ ^o\J^2^ : ^371 22 : aohSH23 : m So^^H 24 : Miaa"41 : 42 : 3^ c|d^0|i:iMP1 : 
PMOS H|H:^i>i:Ei MN1 : NMOS ^|HX|:±:E^D1 .D2.D3.D4 : c^o|5^H Vqb : 7|S u^o|O^^SLEEP : ^^1/^^' 
H no\ Ajs SSBEN : 7|e a^o|o^>l ojoijolM dS:!^®^! ^gjg. ag-a a£*l| SIS 7|#oll ^ 

ss, -^^i ^s.M\ ^^a^ xiioisisoii st^aoicK^ieoii^ axwi#o| gtf£^ ^^ssf^i^ ^Aiioii 

iL[B[ xH^je^o^ ^^oh-^ ^^*|7^ fi^slH SiJ^ol. -^^I bHE-je.| (battery)^ ^^^1^ 5jxi-Jl|goi|Ai 

y^e^ ^d^i^m ^ SiSDi. ci-^cH MjaMl st°4 ii^^ ^5|o| 7h^si| ^c\, 

£i<H ^cKneii-K o\xi^ y$ sejgass &*l^ -^^tAjoi :^5i7F #chh-^ e^Sj. S> 

bj^si Ajoij ^gJT^ISoj -Sr-^a-^Csubthreshold leakage current)7^ §7^^ ©s £j«ho^ tt||Eia|si ^ 

S# ci^Aj^j^ aoioi oioq:^^ a cH-^^ol ^^*|s ?-^a dti^ ^mi\^o{\M uijE^aisi xi! 

7HB| ^7^IIlt^ A^$^o^^ -^^s^sj Tripoli §7^s^^ -^a^isi^ s^xii^ ^ sit ^hich sis^i 

7H^o| dH^ mSitl ^i-^olcKoioi), ^ y^xij &*|s| 31^os ^xisKSAi h| 

So|7| ■se^gi^ xiid SIS5 :i ^^4:°^ m.-y?! a^epl *l«Foi 

^ "fe^SSl -^^Sa HO\ SlS-t 7|B aF0|Ol:±# 7|e b^0lCH>i:7^ ^^^^1 gi^c^ L.||ap^^ ^# 

7|& H^O|CH:±:-& ^|0|§fe 7|© bhO|C>i::ii ^O]^^ ^O|of0i, y\B ^[0\Oi±m HO\^2.^M\ ^^^2^^ HO]-S[ 

t -^g^S £.n^K^*l. ^^71 7\B aMcH:^^ 3ciio)^t. -^71 71© bho|cH>: a^l^ai a! fe^7| Cij7|/#St 
H= ^J2:oil S^s^oi ±^9\ gis^jii.^.^ -fe^7| ^S^Iz^^S g>of 7|© ^\o\o\:it 

m fef^7i isH«H 7ieA^o| ge^g a^«^fe as^^th ^ ^7] [:«7i/g2st hh ^ich Ai^oii gssKH 7i& d^o|o^>l 
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0|ei>il c^^o| p^QS ^e!^l:iiE.-iS 2°^ qd^O|Di£F. oj^^l -^^71 PMOS Hgl^li^EiSl ^71 

e ^gJ^NlS^ ^iS^Oi ^5iM\ -^elCHI^ ^, P\7\3LE,0{\A-\^ ^&IS 

no\ 7Ha2i SoIcKnmoS HSIxi^eHoi §ej sa(V^^,.J ^|o)s| oi|# mo\ 

^^A|oil Q\7\/^^ no\ Ajs SLEEPS ol-ol ellSoicK o|oli ccfa}, 7\B ^\o\o\± xio\^(^2)7\ 2]oi|o|g£| 
7\E ^[o\o\d< yQB'P'sub^'^^^^'^ ^^^^^ ^'^^ ell^)7^«^^-2V7^li hHt^W 100 

mASI BSs^cK 7\B u^o|o^>x Vge^p.^^^ 

:7h ovoit/H -2vs esfsm, oloii cae^ gsj sg^oi o.3voiia< o.vv^^^g^Q. efefoi! :7|e^ btoiQi:^! v 

(12)# q^oi|o|#A|^|7i| &lcKcF#o^^ tij^ifl ^^*|7|- ^^Ell^ ciH. ^7\/^^ S.E. Ho\ Ais SLEEP 

^ ^-^ £^I^0|CK 0|0|| CC^BK 7\B ^WO\:±, ^|CH-^(12)7h C\:^0\\0\^S\JI NMOS B^:^|ri::EH MN1# 3-^ 
^iJ£|oi 7|& b^olCH:^^ ^^b"^ -2V0jlAi OV^ sl^Sim, a^Jif^^S -E^a^i 0.7Vo||Ai o.3V^ 'gO\ 

^Ml @cf.PMOS ^|H:»:|>iEia| SejSa(V,j^ )S ^i|cHi&te #«H o|^cH:^l ^cHi . 7je 

a^oioi>i VBB.p.^3„pl»2^ g^sa Vddl-i s^*^o^l «h&)s Ho\n^s.^ S5(s£^(v,^^p)§ -o.av mi^i - 

0.7V£! «^^LHoj|A-i ajShA|^lcKc^A| ^^H, E^jS^SLl i-H^I NMOS ^ei^cl^^E^i ^ PMOS M 

^X|:i:E^oj tl^O|CH>^# X-i|CH ^j^fc) o|^Ol:^|D^. NMOS H^X!>iE4o| -^^Ajol 7|£h tl^o|Ol>i# QV 

^ *m E^S^OI 0.3V^ ^x|ijc^7^ c:H7|aveH^ 2^oh°j 7|S^ «fo|cH^# -'2V^ -E^^j^# 0.7V 

S -feh^Aj^l^ 5do|cK*J-^S JES fl|2i^ XHIIS^ 7\E^ «|-o|(H>i ^|o|^£| SlSfE^^^H, NMOS H|H^I^E^o| 

a^(Vj^,n)# '^ilcHSI-^l ^It^^^si MOl^ji ?icK-^>d. J£A|Q 0^21- ^0| 7|^ bfOjOf^^ XHICH^ 

^ 7]B ^yo\o\:^ 2lo\\o\m<^s. SSBENoll #a«^oi SoFHH ^^M^\7\ ^tl gl^l 
ti7|(2i)SK Si-^! ^n^o\\ o|sn ^SHjcH 7|e oholc>i>iS ^^7\ ^SH 7|eS«f#S9«f^ i^iM 1§S(double 
pumping) ^^^^1 ^^ ^ M\2 ^^^^{22. 23)5 ?ti|ohoi 7|e uFoM:^ Vge-p-sub"^ ^ Sic^KSE^!^. 7(E^ 

^[0\O\± HOi^m 7\^y »[0\O\^ ^0\7\ ^\'5[0i 7|&o^ Xje^ NMOS H?HX(>tE-i(Ml):iiK ^7\/^^^ 

SLE. x^\o\ tis. /SLEEPolI Sa^M NMOS ^L»X|:^M(M1)S ?HiOi«fe NMOS JE^:^lr=iE-|(M2)# 9-ti|t^cK oi^l 
AH, NMOS m^x|>iE^(M2)^ qj7|/#5| XHICH tlS. /SLEEP^h o^o|^^lla [ilj ^. cH^lSH^ ctll e^^jcH 
NMOS Hf!ix|^E-((M1)£| no\B. VgS -feP^Aig o^At| NMOS Be!!X|:iiE.H(M1)# e^A|?|:n o|^ ois^o^ 

S^E ^^7[7\B^^ ^^£jCH 7|5h a^OlCH:^^ Vge-p-sub^ ^^l^K^E^^. b^O|C>j:^:: xiicHY 

7^ t:|j7l AVEH^ icHe! ^^ 3^^^(22)2^ o^^AjT^^^ c^o|SH(D1)£K NMOS H2Hx1:^e^(mi)b| ?\\o\B 

AjSh^Ol ^At£j - yj^ ^^X|§^71 #lig-^(24)fif. #|gg^(24)af 7\Bm S^^f-^ NMOS M|HX|>iEH(M1) 

S| 7i|0|e g = ^ PMOS ae!:^|>iEH(M4)S|-, NMOS MSlxi:i^E4(M2)£! ^lo^oi ii^H 

Niaal ol^^ol s\5.^ ^^-^ PMOS BSHx|ii:£H(M3)# c^ ^^l!cKoi7|Ai, 

SIS9^(24)^ NMOS ^?!!x|>iEH{M1)^ 7i|o|H Vq7^ 7\^ oFoloj^ Veg-p-sub 2.4V# di 
^^ C\0]2.B, D2.D3.D4§ ^^oFOi ^^B\0\ ^C\,ZW7\S,E0{\M NMOS >^E-](M1)# ^-S.E,M7\ 

7\ 7j|0|e g^ Vg-b 7|ff y^0|0^^ VBB_p,s^t>^^^ '^^Ol-Of eUlK iiH Nl^l 71^ S^^tfO] 7|eac^ % 

^1 5|7| oH^oil e| Ss^^H(22. 23)7^ ^^^Aj(c:ij7|/#5| SH *l|ol -tijg. /SLEEPOl S^Eil^ti ^¥ 7|B u^oioj 

£iO||0|#Aj^ SSBENOII o|s}| xih S€^aH Si ^12 S«« =(22. 23)0| 7^§1|) inH NIC] 7|& 
^BB-p-sub^^^ ^'^^ ^'of^l^l St^K tchafAH, vg^ Vge-p-sub-O ^V7F NMOS M?H7:|>iEi(M1)^ tlSH^ 
cKSl^^l ^S|SHO|}Ait xili ai x-fl2 g«^e£L(22. 23)^1 ^^*-0i /SLEEPOj t^^O|B^|^0| S\^^A NMOS 

E^x|r^EH(M2)7^ ^-"E^ICH 71|0|^ go^ Vg7f ^^^oh°4A-i NMOS H^^l^^^M {M1)7 h ^--S^ciK NMOS HSi^l 
ij^^ia K-& ^j^7^ 71^0^ ^^'^ch 7|e bfoiai:^: Vge-p-sub^ -2VoilAi ov^ 5^o| ^^#o^ 
Til ScKEf#o^^ xilSaS^ ^5|aH0||Ai i:||7|a = s S^F^fe- 7|Eh t^^o|oir^ no\^^\ nfgiol 

ni, xi|3bit i:H7|HHoj|Ai = s S$^s|fe tl^o|o^>l xflcH^si gof iI^SJEO|cKo|§ S^^^S 

rf^ i^^l^Sl ^^£MAi, A^^fi b^^|. ^0| 7|E.^ t«fOlC>1>i# ax|o^(>| 7|© b^0|O^^ Vbb7^ ffSQ St 0|ef 

S "-HBi^^ 7|& b^o|cH>l xiloi^-^ E::.|>toilo|# a|?|^ ^^^^cK^aj^ S^S^ V^^^pSh 7|£h ^\o\o\ 

— Vbb# S^^F-b PMOS BI!i7:|>iE-|(pi ..pk, Pk+V-Pn)^ 2^ c|y^o|Di(42)-& Af^sh^ 

^ ^SH?^l>lE^-^ aolSH S^HjcH SiSDi, 7|&o|| ojgsjcH XicK S^tSei 0|«f£| 

AF^l^o^A-l <EBl|°i S^7^ DHif S^Til * S71I ^.n^K IgJS S^o| Sg^ qafo|Di(24) LHSl Z| H^Xl^iEH 
0^1 ^^^H^ oH-E^°=l. op|A-l PMOS B^x|:^E.^ Pk£| ^S:^lS^ He^!°J *11,^H^AH DC g^^^oll ^1 

:^^El|E!Ai>^(hysteresis) sa^^oi iiiOl^(noise)oi| qjsH g °ii,^o^i^ s^«cK ct^EfAi, >:i|^gSom 

^^Nl £|£^s^e}oi ^fejgo^ «^^e}o| ^^^|MO|cK ^s:4i^ £H*l(latch)# L^E^LH ^doicKo|A^o||A-i ^ 
S t.^ fe^SE a^t.^ ^A|oit ai S-^S SSoll ^^S£j^ ?do| o^ui ji, ^ «^go| 71^^ x^A^g ^joi^^:! 
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^32:^ ^^-N^l #2HS| 7|#Il^^ e^^^i^F c|jo|shoi ^^Si^ M\o\ s\^y\ S^oF^ S^^ol 

- ^ 1^ o^u|a^, ah^jc^i ^^*!o| ^Aiioii cc^a^ n a^^^ie sxf ^^^ei t[ ^doi n ^doins s^ioiof^ 

^^71 7|e bFo|cH:±: ft^ 0171/^^^ xi|cH Aj^oll #&3fcH 71© a^o|o^>:# ^HlcHSte 7|& bi-ol 

•E^a^ xiicH SIS. 

soil #a*hoi ±.^9\ ^^^^\^^ #e^oft ^?J^t.h -^71 ^^i^n^^l- ^e^^'-oh 71© b^OlCHrii^ «5t^^7| ^1 
7|©^^o| fiS^tt; a cH:^I/^^^ s= no\ dsoil gae^ 7|© bFo|cH:ii# ^o|7| 

xiht.^ ££b ^il2t^oil 2icHA-|. A^7| b^o|cH:i;i i^^l-^-b SI 7|© b^o|ol^ Afoloi! 5Ji^ o^g 

etz}o| xiii 7|©of|, Ji|2 Sli-S^ TilolBoi! c^^2.| PMOS ^S!^I^£-IS ^^^1 

c|bfo|ciaK oio|o| A}:?| p^/,os ^|Hx|:iiMs| ^^7| thu StfS^ S^i^f ^^7l xi|2 SSS^I &}S& 3i^^ Sie^ 

a^^Eis C.1 s&«^o^ oi^cna ^e^go^ ;ciioi sis. 

3ti!2f,^ ££fe ?Hl4t^o|| SicHAH, A^:7| e ^g=A,tv« 7j©aif S:^I3^# NMOS HIH^Ii^e^-^ ^1^0^ 

oi ol^oiS ^^Sa ^icH sis. 
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